III ion is eight-coordinated (6O+2N) by three phosphoryl O atoms, three sulfonyl O atoms of three L À ligands and two N atoms of the chelating Phen ligand, leading to the formation of six-and five-membered metallacycles, respectively. The lanthanum coordination polyhedron has a bicapped trigonalprismatic geometry. 'Sandwich-like' intramolecular -stacking interactions are observed between the 1,10-phenanthroline ligand and two benzene rings of two different L À ligands. The phenyl rings of L À that are not involved in the stacking interactions show minor positional disorder. Molecules form layers parallel to the (010) plane due to weak C-HÁ Á ÁO intermolecular hydrogen bonds. Unidentified highly disordered solvate molecules that occupy ca 400 Å 3 large voids have been omitted from the refinement model.
Tris (N-{bis[methyl(phenyl) À ligands and two N atoms of the chelating Phen ligand, leading to the formation of six-and five-membered metallacycles, respectively. The lanthanum coordination polyhedron has a bicapped trigonalprismatic geometry. 'Sandwich-like' intramolecular -stacking interactions are observed between the 1,10-phenanthroline ligand and two benzene rings of two different L À ligands. The phenyl rings of L À that are not involved in the stacking interactions show minor positional disorder. Molecules form layers parallel to the (010) plane due to weak C-HÁ Á ÁO intermolecular hydrogen bonds. Unidentified highly disordered solvate molecules that occupy ca 400 Å 3 large voids have been omitted from the refinement model.
Chemical context
-Diketone derivatives have been the topic of investigations in many different branches of the chemical science, such as organic, coordination, bio-and theoretical chemistry. Of special interest have been carbacylamidophosphates (CAPh), containing the functional fragment C(O)NHP(O), because of their properties as extractants (Morgalyuk et al., 2005; Safiulina et al., 2015) , urease inhibitors (Jaroslav & Swerdloff, 1985) , enzyme inhibitors (Grimes et al., 2008; Adams et al., 2002) , their antibacterial properties (Oroujzadeh et al., 2017) and anticancer activity (Kovalchyk et al., 1991; Amirkhanov et al., 1995) . The presence of the phosphoryl group gives them a high affinity towards highly charged metal ions, and these types of compounds are used in the coordination chemistry of lanthanides and actinides (Litsis et al., 2010 (Litsis et al., , 2017 Kariaka et al., 2013) . Many efforts have been devoted to the synthesis of another type of structural analogs of -diketones -sulfonylamidophosphates (SAPh) with the structural fragment S(O) 2 NHP(O). These types of compounds were first synthesized by Kirsanov (Kirsanov & Shevchenko, 1954) and some have since been used as bactericidal agents in medicine and toxicology (Xu & Angell, 2000) , while others have found use as pesticides (Kishino & Saito, 1979) . In addition, these compounds are potentially bidentate O,O-donor chelating ligands for metal ions, similar to other deprotonated phosphorylic ligand derivatives (Znovjyak et al., 2015; Amirkhanov et al., 2014; Litsis et al., 2016; Shatrava et al., 2016a) . For details of the coordination chemistry of phosphorylic ligands in molecular form, see Gholivand et al. (2012 Gholivand et al. ( , 2014 , Yizhak et al. (2013) and Shatrava et al. (2016b) .
Recently, we reported the preparation and study of the coordination properties of several representatives of sulfonylamidophosphates:
methyl(phenylsulfonyl)amidophosphate [PhSO 2 NHP(O)(OMe) 2 ] (Moroz et al., 2007) and particularly the photophysical properties of a series of NIRemitting lanthanide complexes (Kulesza et al., 2010 (Kasprzycka et al., 2016) .
Knowledge of the crystal structure is an essential part of understanding the luminescent properties of these types of lanthanide complexes. In this paper we would therefore like to report the molecular and crystal structure of a lanthanum coordination compound based on the amidic type SAPh ligand N-(methyl(phenylamino)phosphoryl)benzenesulfonamide (HL) [PhSO 2 NHP(O)(N(Me)Ph) 2 ] with the general formula La(L) 3 Phen.
Structural commentary
The title compound La(L) 3 Phen crystallizes with one molecule in the asymmetric unit (Fig. 1) . The coordination environment of the La atom consists of two nitrogen atoms of 1,10-phenanthroline and six oxygen atoms from the three acido-SAPh ligands.
The La-O(S) bond lengths [2.516 (2)-2.541 (2) Å ] are all longer than those of their La-O(P) counterparts [2.424 (2)-2.463 (2) Å ], with mean values of 2.435 and 2.456 Å , respectively. The mean average of all La-O bond lengths is 2.476 Å . The La-N distances are with 2.699 (3) and 2.700 (3) Å (mean value 2.693 Å ) shorter than those previously obtained for a 1,10-phenanthrolinate lanthanum (III) complex with hexafluoroacetylacetonate (2.747-2.782 Å ; Rogachev et al., 2005) and longer than La-N bonds in a carbacylamidophosphate ligand complex (2.601-2.635 Å ; Litsis et al., 2015; Sokolnicki et al., 1999) .
The SAPh ligands coordinate to the lanthanide atom in the acido form in a bidentate manner with formation of sixmembered metallocycles with partial delocalization ofelectron density. The values of the S-O and P-O bonds are at 1.462 (3)-1.474 (2) Å and 1.491 (2)-1.494 (2) Å in their expected ranges. The mean values are 1.468 and 1.492 Å , respectively. The corresponding bond lengths in the related neutral ligands are around 1.42 Å (Moroz et al., 2012 ) and 1.48 Å (Znovjyak et al., 2009) . The S-O bonds of the SAPh ligands of the non-coordinating oxygen atom are systematically shorter [1.432 (3)-1.437 (3) Å ], indicating more S=O double-bond character than for the coordinating O atoms.
The six-membered metallocyclic rings with the chelate (O)PNS(O) fragments are all non-planar. The La1-O1-P1-N1-S1-O1 (A) and La1-O3-P3-N3-S3-O9 (B) rings both adopt twist-boat conformations (puckering parameters are: S = 0.61, = 22.11 , = 79.68 for A and S = 0.75, = 24.44 , = 87.28 for B, respectively (Zefirov et al., 1990) ). The deviations of the N1 and O1 atoms from the mean plane through the remaining atoms of A (r.m.s.deviation = 0.06 Å ) are 0.78 and 0.41 Å , respectively. The deviations of the La1 and O3 atoms from the mean plane through the remaining atoms of B (r.m.s.deviation = 0.06 Å ) are 0.9 and 0.88 Å , respectively. The La1-O2-P2-N2-S2-O7 (C) ring adopts a flattened half-chair conformation (puckering parameters are: S = 0. 71, = 16.51 , = 20.43 ). The deviation of the La1 atom from the mean plane carried through the remaining atoms of ring C (r.m.s.deviation 0.02 Å ) is 0.36 Å .
The -criterions were used to characterize the lanthanum ion eight-apical coordination polyhedron (Porai-Koshits & Aslanov, 1972) . The set of the angles between pairs of the faces intersecting along the type b edges (shown in Fig. 2 , ' 2 = 16.05 ) similar to that of the Tb(Pip) 3 (Phen) mixed-ligand complex with 2,2,2-trichloro-N-(dipiperidin-1-ylphosphoryl)acetamide, HPip (Litsis et al., 2015) .
Intramolecular 'sandwich-like' --stacking interactions are observed between the 1.10-phenanthroline fragments and two phenyl rings of the two SAPh ligands of the title molecule. The central ring C66()Á Á ÁC69() of the 1,10-phenanthroline molecule interacts with the C41()Á Á ÁC46() phenyl ring at the sulfonyl group from another ligand [interplanar angle 2.8 (1) , intercentroid distance 3.646 (2) Å , interplanar separation 3.38-3.41 Å , plane shift 1.29-1.36 Å ], and with the C8()Á Á ÁC13() ring at the phosphoryl group from the other ligand [interplanar angle 2.5 (2)
, intercentroid distance 3.879 (3) Å , interplanar separation 3.49-3.52 Å , plane shift 1.62-1.69 Å ]. A similar intramolecular organization was described previously for related compounds (Beloso et al., 2003) .
Supramolecular features
In the crystal phase, the La(L) 3 Phen molecules are linked by weak C-HÁ Á ÁO hydrogen bonds (Table 1) , forming double layers parallel to the (010) plane (Fig. 3) . There are solventaccessible voids with a total volume of 380 Å 3 . The content of the voids is not resolved in difference-density maps, with the largest residual electron density peak being only 0.66 electrons per Å 3 . A SQUEEZE (Spek, 2015) The crystal packing of LaL 3 Phen. The view is along the crystallographic a axis. 
Database survey
A search of the Cambridge Structural Database (CSD, Version 5.38, update February 2017; Groom et al., 2016) for SAPh ligand analogues with derivatives of the N-(bis(diamino)phosphoryl)sulfonamide fragments yielded five hits, with only one metal complex structure with a neodymium metal atom among them (Shatrava et al., 2010) . In this molecule, the neodymium atom is also octacoordinated, with a highly symmetrical NdO 8 polyhedron and no coordinating N atoms.
A search for phenanthrolinate REE complexes with other SAPh-type ligands returned one entry for tris(dimethyl 
Synthesis and crystallization

1
H and 31 P NMR spectra in DMSO-d 6 solutions were recorded on a Varian 400 NMR spectrometer at room temperature. 1 H chemical shifts were determined relative to the internal standard TMS whereas 31 P chemical shifts were determined relative to 85% H 3 PO 4 as an external standard. Infrared (FTIR) spectra were recorded on a Perkin-Elmer Spectrum BX spectrometer using KBr pellets. The resolution of the FTIR spectra is 1 cm
À1
. Sulfonylamidophosphate ligand N-(methyl(phenylamino)-phosphoryl)benzenesulfonamide (HL) was synthesized via a three-step procedure based on the Kirsanov reaction (Kirsanov & Shevchenko, 1954) . The sodium salt (NaL) was prepared by the reaction between equimolar amounts of sodium methanolate (0.069 g, 3 mmol of Na was dissolved in 20 ml of methanol) and HL (1.39 g, 3 mmol) in an methanol medium (20 ml). The mixture was heated with magnetic stirring at 337 K for 10 min. The resulting solution was evaporated and the fine crystalline powder was isolated (yield 83%) and washed with 2-propanol. Dry product NaL was used for the preparation of the complexes. Preparation of La(L) 3 Phen. NaL (0.728 g, 1.5 mmol) was dissolved in 7 ml of 2-propanol and was added to a solution of 1,10-phenanthroline monohydrate (0.0991 g, 0.5 mmol) in 2 ml of 2-propanol. Then the mixture was heated to 340 K and poured into a solution of La(NO 3 ) 3 Á6H 2 O (0.216 g, 0.5 mmol) in 5 ml of 2-propanol heated to 340 K. After 10 minutes, the resulting mixture was filtered from sodium nitrate and the filtrate was left in a desiccator above CaCl 2 at room temperature. Similar compounds were obtained for Ln 3+ = Pr, Nd, Eu, Ho, Tb and Lu.
Crystals of the complexes formed after 1-2 days, were filtered and washed with cooled 2-propanol and dried in air (yield 82-86%). The complexes, as prepared, are soluble in non-polar aprotic solvents, and are less soluble in acetone and alcohols. Crystalline powder of La(L) 3 Phen was recrystallized from a 2-propanol/methanol mixture (5:1, v/v) to give colourless prisms (0.65 g, 0.5 mmol, 84%). Table 1 Hydrogen-bond geometry (Å , ). 
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 2 . All H atoms were positioned geometrically and refined using a riding model, with C-H = 0.93-0.96 Å and U iso (H) = xU eq (C), where x = 1.5 for methyl H and 1.2 for all other H atoms. A rotating-group model was applied for the methyl groups. Phenyl ring C1-C6 was refined as disordered over two positions A and B with refined occupancies of 0.50 (3) for both disorder components. The phenyl rings C15-C20, C21-C26 were refined as disordered over two positions with refined occupancies of 0.555 (17) and 0.445 (17), respectively. The bond lenghts C21A-C22A, C22A-C23A, C23A-C24A, C24A-C25A, C25A-C26A, C26A-C21A, C21-C22, C22-C23, C23-C24, C24-C25, C25-C26 and C26-C21 were restrained to have a value of 1.38 (1) Å (using a DFIX restraint). The ring carbon atoms C21A, C26A, C25A, C24A, C23A, C22A as well as C21, C22, C23, C24, C25, C26 were restrained to have planar geometries (within 0.01 Å , using a FLAT restraint). Anisotropic parameters of all C atoms of disordered rings were restrained to have approximately similar values to within 0.01 Å 2 (using a SIMU restraint).
During the refinement, several small isolated electrondensity peaks were located in solvent-accessible voids that were believed to be solvent molecules. The largest residual electron peak accounted to 0.66 e Å 3 . Satisfactory results (R 1 = 5.01%) were obtained modeling disordered C and O atoms, but very large displacement parameters for them were observed. The SQUEEZE procedure (Spek, 2015) implemented in PLATON indicated two solvent cavities each of volume 380 A 3 , each containing approximately 52 electrons, which corresponds to approximately three molecules of the solvent (2-propanol) per cell. However, the difference in R 1 values for the structures with and without the SQUEEZE procedure implemented was rather small (0.5%). In the final refinement, the isolated peaks in the solvent-accessible voids were ignored. Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. (13 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (
